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© Fermentation process for producing 2-keto-L-gulomic acid. 



© The present invention relates to a process for producing 2-keto-L-gulonic acid by fermentative conversion of 
D-sorbitol in high yield. 

2-Keto-L-gulonic acid is an important intermediate for the production of L-ascorbic acid into which it can be 
converted according to the well-known Reichstein method. 
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3 Process «* Pacing 2- k eto-L- 9 u,onic acid by tentative 
b e «SSS^tTJ^ SESTJSS ~ ° f " - - — « can 

form D-sorbito. by means o, *e^S,^^^SS2" T^ 0 " * acid 
are capable of oxidizing D-sorbitol under aembTc rJT Acetobacter. Bacterium or Pseudomonas, which 
of this Known process it however. S£ ^eto-L-gulonic acid. The yield 

isms, which comprises Pseudomonas S S ri ^ ^ meanS ^ 8 mixed ^ of 

starting from a concentration of T^gToftS bose and 37 /TT ° XydanS ' th@ yie ' d bein 9 30 «* ^ 

of L-sorbose. 9 SOrb ° Se ' and 37 9" when starting from a concentration of 100 g/l 

'5 Moreover, European Patent Publication No 0221 7m . 
from L-sorbose by means o, PseudogCnobac^^ 

bacteria. However, the yield of this Know'n ^IfZy ZZT^Zt^ ^ With ° Ut COnCom «ant 
per se « at most 55.3 - 87.6 g/l (conversion ratio JJs i^tJc 0kK50nobacter sacch aroketogenes 

Publication No. 0221 707). 34.2-54.1 %)(See:page 13. Table 4 of European Patent 

?o Furthermore. European Patent Publication No 0?7A aa-? a- . 

especially, as to the proofs from c ZZ^ll J^L "Won *• '» lie low yields, 

yields of ca. 130 £yl a,, achievable K * ' P ' wes$ enables »*'* « « least oa. 60 oil. and 

^tT.??oW^£Z^ ,,n ^ °* *»» ■>-« * -d *a, the 

0a. 430-437. ,984. edited by H.-J. Ranrn Ta I Read c * T« h » ^ J.*""' < HW «*«*W. ™,am. 

Provided that one can establish ah enM.nt dt^» V *" 89 ° hemie ' WeWieta. Germany), 
chaapa, carboh soorc. such as oZSZZ^VJ^T^ •*< *ta»g from . 

process will be dramatically s i m pl,, ie<l t-80rbo 5e . I, | s obvious lhat the Raichstein 

Colonic aoid from D-sorbitol is doe to iTfo ,mz,Z % h D : so,b "° 1 ' Th e conversion yield of 2-keto- 
keto-D-glucpnio acid derived torn ^£J5a TS^SSj. "^.a"* " 8 D * c ° s «' ■>*«">*> and 2- 

D " SOrbit0 ' - ""«"- - • - 2-Ke^onic acid 



D " G ' UCOSe " D -G'-onic acid 2-Keto-D-giuconic add 
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of ca. 89 mol %. 

Another object of the present invention is to provide a mode of operation wherein the production of the 
undesired by-products such as D-glucose, D-gluconic acid and 2-keto-D-gluconic acid are prevented. 

The present invention is concerned with a process for producing 2-keto-L-gulonic acid or a salt thereof, 
5 which comprises cultivating a mixed culture of a microorganism (A) capable of producing L-sorbose from D- 
sorbitol, which belongs to the genus Gluconobacter or Acetobacter, and a microorganism (B) capable of 
producing 2-keto-L-gulonic acid from L-sorbose and having the identifying characteristics of the strain DSM 
No. 4025, a functional equivalent, subculture, mutant or variant thereof, in a medium containing D-sorbitol, 
whereby mixed culturing is conducted, wherein both of said microorganisms are coexisting in the medium 
no during at least part of the entire cultivation period, and recovering the 2-keto-L-gulonic acid or a salt thereof. 

Moreover, according to the present invention, L-sorbose produced from D-sorbitol by the L-sorbose 
producing strain can be utilized by the 2-keto-L-gulonic acid producing strain to form 2-keto-L-gulonic acid. 
In addition, the accumulation of the by-products mentioned before was, substantially, not observed. 

In this connection, the microorganism (A) capable of producing L-sorbose from D-sorbitol employed 
75 herein belongs to the genus Gluconobacter or Acetobacter. The microorganism (B) capable of producing 2- 
keto-L-gulonic acid from L-sorbose and having the identifying characteristics of the strain DSM No. 4025, a 
functional equivalent, subculture, mutant or variant thereof is employed. 

In the instant process, any product obtained, e.g. by treating the cells of the microorganisms (A) and 
(B), for instance, resting cells, lyophilized cells or immobilized cells can be employed. 
20 The instant process can be conducted by means of a variety of methods; for instance, a method 

wherein both kinds of the microorganism (A) and (B) are simultaneously inoculated in the medium at the 
initiation of cultivation, a method wherein the microorganism (A) is inoculated first and the microorganism 
(B) is subsequently inoculated after a period of cultivation, and a method wherein the both the microorgan- 
isms (A) and (B) are inoculated separately in the respective media, and then either one of the both is added 
25 to the other broth all at once, portionwise or continuously after some period of cultivation, followed by 
another period of cultivation. 

For the process of the present invention, any suitable method may be employed for the microorganisms 
to be cultured, e.g. by changing the method of mixing in compliance with the properties of the individual 
microorganism to be employed. Namely, the ratio of the amount of one of the microorganism to be 
30 inoculated to that of the other and the times of inoculations are preferably selected and determined in view 
of the growth rate of the respective microorganisms and the L-sorbose producing ability and the ability for 
converting L-sorbose into 2-keto-L-gulonic acid of the microorganisms involved, and on the basis of the 
properties of the media to be utilized. In some cases, products obtained by treating the cells may also be 
used as a substitute for either one of the growing cells. 
35 The microorganism (A), which can be employed in the process of the present invention, includes those 
which are being preserved in a public depository (culture collection) for delivery to any one upon request 
such as the Institute of Fermentation Osaka, Japan (IFO), and they are listed as follows: 

Examples for the microorganism (A) 

40 

Gluconobacter suboxydans IFO 3130 

Gluconobacter suboxydans IFO 3255 

Gluconobacter suboxydans IFO 3256 

Gluconobacter suboxydans IFO 3257 
45 Gluconobacter suboxydans IFO 3258 

Gluconobacter suboxydans IFO 3289 

Gluconobacter suboxydans IFO 3290 

Gluconobacter suboxydans IFO 3291 

Gluconobacter gluconicus IFO 3171 
so Gluconobacter gluconicus IFO 3285 

Gluconobacter gluconicus IFO 3286 

Gluconobacter rubiginosus IFO 3244 

Gluconobacter albidus IFO 3251 

Gluconobacter albidus IFO 3253 
55 Gluconobacter iridustrius IFO 3261 

Gluconobacter cerinus IFO 3262 

Gluconobacter cerinus IFO 3263 

Gluconobacter cerinus IFO 3265 
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Gluconobacter cerinus IFO 3266 

Gluconobacter cerinus IFO 3267 

Gluconobacter cerinus IFO 3270 

Gluconobacter diacetonicus IFO 3273 
5 Gluconobacter roseus IFO 3990 

Acetobacter aceti subsp. Orleans IFO 3259 
Acetobacter aceti subsp. aceti IFO 3281 
Acetobacter liquefaciens IFO 12257 
Acetobacter liquefaciens IFO 12258 
w Acetobacter liquefaciens IFO 12388 

Acetobacter aceti subsp. xylinum IFO 3288 
Acetobacter aceti subsp. xylinum IFO 13693 
Acetobacter aceti subsp. xylinum IFO 13772 
Acetobacter aceti subsp. xylinum IFO 13773 

75 the " "» danism (B), which can be employed jn ^ ^ Qf 

2 «e t r^ exited to iconic acid and 

glycero.; 2-keto-D-g.ucanc acid is pJSS^tSSS^^Z " SUbStantian ' produce « *™ 
*> gluconic acid. D-mannitol or 2-keto-D-gluconic add ZX^Lw ' °' ^ D ^ co ^- D-fructose. D- 
produced from D-fructose; good growth U ■ Is^lZT appa 7 nt| y no fla 9e"a ; brown pigments are 
megaterium or ace., extract t^CLycrseSve C °" CLJ,tUred " *" P ~ ° f Baci «- 

*u£cXt^^ ZT^ <*> ^s been deposited at the 

* the Budapest Treaty^the PnJZ^^lJST^^^ 00 March 1? ' 1987 und - 

Zellkulturen Gmbh, Mascheroder Weg 1b D-330C f S.lth t ? amm,un 9 von Mikroorganismen und 
designated as a Gluconobacter oxydS ^ RePUb ' iC ° f German ^" ,l 

aforemer^ " func «°- subc U .tures. mutants and variants of the 

'° may'VelnoctS Sf'ST^TTn^H^ aforementioned microorganisms (A) and (B) 
microorganism, for instance, re^g cSls o anv oro^Z ^ S and the ce,ls <* -2 

act direct.y on D-sorbito.. Any mTans ToS, per se alZlZ ' ^ the Ce " S ma * be used * 

for microorganisms may be adopted thr^^ Unique 
particularly preferred. A preferred I resu mav be ob^aLl 7 ^ a9 ' ta,8d subme ^d fermenters is 
medium. 1 may be obta,na ble from a cultivation which utilizes a liquid broth 

As regards the nutrient medium available for the cultivation of »h« m ,„, 
no special restriction is imposed, an aqueous nutrtnt ITh m.croorgan.sms (A) and (B). although 

sources. Other inorganic sa'ts. smalaTun of he SSS and" the S a °™ ^ nitro9 * n 

m.croorganisms are desirable for the advantageous ^incubSon of 1 ' be U,i,ized bv the 

= als which are general, used for the be 

c^^^^^^S™ ^P-n. invent,, other substances which are 
like. as 9'y cero '. D-glucose, D-mann.tol, D-fructose, D-arabitol and the 

suJTZ^T^ZS^Z ^loTa ^ " nitr ° 9en S ° UrCeS h the « process, 
the like. As inorganic IZS^^J^Z^^ "** "''^ amm ° nium sa,ts and 

calcium carbonate and the like may 2 J used P " phosphate ' and ferric chlorides. 

pitK^ vary with the generic 

one of the microorganisms to be inoculated with respec t the oth^^T ^ D " S ° rbit01 ' the amount of 

sees- - - ™ - - ~-;^r^r P i sr<3 :. e 

sBrting point « cultivation at onoa. or aTw2 ITo , '"' d * d ln, ° ,be mMa " « •» 
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about 20 to 250 g/l in total is generally used and, more preferably a concentration of about 50 to 200 g/l in 
total. 

The conditions of the cultivation may also vary depending on the species and generic character of the 
microorganisms employed, the composition of the medium may, of course, be selected or determined in 
5 accordance with the particulars of the individual cases in order to yield the intended product most 
efficiently, although cultivation temperatures between about 13 and 36 ' C, preferably between about 18 and 
33 'C, and a pH value of the medium between about 4.0 and 9.0, preferably between about 6.0 and 8.0, 
maybe maintained. Normally, a cultivation period ranging from 20 to 80 hours may be sufficient, and the 
formation of the intended product in the medium reaches its maximum value within such period. 
w In order to maintain the pH value of the medium to that most suitable for the enzymatic activity, any 
suitable acidic or basic agent may be added to the medium in a suitable amount at a suitable time during 
the cultivation. The same object may alternatively be accomplished by initially incorporating a suitable 
buffer or buffering agent into the medium at the beginning of the cultivation. 

The 2-keto-L-gulonic acid thus produced in the medium may be separated and purified by conventional 
75 methods known per se, and it may be separated as a salt, e.g. of sodium, potassium, calcium, ammonium 
or the like. This salt may be converted into a free acid by conventional methods known per se. 

The separation may be performed in any suitable combination or repetition of the following steps, e.g. 
by the formation of a salt or by using differences in properties between the product and the surrounding 
impurities, such as solubility, absorbability and distribution coefficient between the solvents. Adsorption, e.g. 
20 on ion exchange resin constitutes a convenient means for isolating the product. The thus obtained product 
may further be purified in conventional manners, e.g. by recrystallization or chromatography. 

Thus, the 2-keto-L-gulonic acid thus accumulated according to the novel process can easily by isolated, 
for example, by the following procedure: The supernatant of the culture broth is concentrated after 
centrifugation under reduced pressure. To the concentrate is added an organic solvent such as ethanol, and 
25 the thus obtained 2-keto-L-gulonic acid crystals are separated in the salt form, such as the sodium salt or 
calcium salt, for example. Whether the above or other known method is employed, the 2-keto-L-gulonic acid 
can always easily be isolated. 

The 2- keto-L-gulonic acid or its salt thus obtained can be used directly for the conversion to L-ascorbic 
acid by esterification, followed by enolization and lactonization. 
30 Culturing methods which can be used include standing cultures, shaking cultures, submerged cultures 
etc. For mass culture, submerged cultures using batch, fed-batch, and continuous operation techniques are 
in the fore-ground of the interest. It is also possible to use immobilized cells of the microorganisms (A) and 
(B) by absorption methods on materials such as cellulose, ceramics or glass beads.etc. and by entrapping 
methods, e.g. in a gel matrix, such as agar, calcium alginate, K-carrageenan and other known polymers. 
35 This mode enables the microorganisms to be used repeatedly. 

The present invention is illustrated by the following Examples: 

Example 1 

40 The strain DSM No. 4025 represents microorganism (B), whereas the microorganisms listed in Table 1 
were employed as the microorganisms (A). 

Preparation of Seed Culture 

45 Seed culture was prepared in two different methods as described below. 

Method 1 : A test tube (18 mm x 200 mm) was charged with 5 ml of culture medium (SCM) : D-sorbitol 
2%, yeast extract (Oriental Yeast) 0.3%, beef extract 0.3%, corn steep liquor 0.3%, polypeptone 1.0%, urea 
0.1%, KH2PO4 0.1%, MgSO< ■ 7H 2 0 0.02% and CaC0 3 0.1% (pH 7.0 before sterilization) and sterilized by 
autoclaving at 121 "C for 20 minutes. The test tube was inoculated with one loopful of one of the 

50 microorganisms (A) and one loopful of. the microorganism (B), and incubated at 30 'C with shaking (220 
rpm) for one day. 

Method 2 : A test tube (18 mm x 200 mm) containing 5 ml of SCM was inoculated with one loopful each 
of the microorganism (B) and one of the microorganisms (A) and cultivated at 30 *C with shaking for one 
day. One drop of the resulting culture was spread on an agar culture medium containing 2% agar in SCM 
55 and incubated at 30 *C for 4 days. The microorganisms grown on the agar culture as a mixture was used 
directly as an inoculum for the following liquid culture. A tube containing 5 ml of SCM was inoculated with a 
loopful of the mixture described above and incubated at 30° C with shaking (220 rpm) for one day. 
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Main Fermentation 



w 



Five ml of the resulting individual seed cultures as prepared above was inoculated into a 500 ml of 
E^enmeyer flask containing 50 ml of production medium (PM) : D-sorbito. 8%, corn steep liquor 1 % urea 

J"f?H 7^ KH2 r° 4 M9S ° 4 * 7H2 ° • ?H2 ° % ' CaC ° 3 06%\nd ami 

0.1 /o ( P H 7 0 before stenlizat.on) and incubated at 30' C for 4 days with shaking (180 rpm) Tabled 

summaries the results of the quantitative determination of 2-keto-L-gulonic acid of le cultured brotnJas 
assayed by high performance liquid chromatography. wnurea orotns as 

Table 1 



75 



20 



25 



30 



Microorganism(A) 



35 



Gluconobacter suboxydans 
Gluconobacter suboxydans 
Gluconobacter suboxydans 
Gluconobacter subxyydans 
Gluconobacter suboxydans 
Gluconobacter suboxydans 
Gluconobacter gluconicus 
Gluconobacter gluconicus 
Gluconobacter gluconicus 
Gluconobacter albidus 
Gluconobacter albidus 
Gluconobacter cerinus 
Gluconobacter cerinus 
Gluconobacter cerinus 
Gluconobacter cerinus 
Acetobacter liquefaciens 
Acetobacter liquefaciens 
Acetobacter aceti subsp. xylinum 
None 



2-Keto-L-gulonic acid produced (g/L) 





Seed culture with 


Method 1 


Method 2 


IFO 3255 


64.1 


! 65.2 


IFO 3256 


51.4 


56.9 


IFO 3258 


45.2 


58.8 


IFO 3289 


57.1 


61.8 


IFO 3290 


11.4 


65.9 


IFO 3291 


63.7 


64.9 


IFO 3171 


46.9 


58.9 


IFO 3285 


67.8 


69.1 


IFO 3286 


59.9 


26.4 


IFO 3251 


5.1 


55.6 


IFO 3253 


53.4 


55.6 


IFO 3263 


56.0 


38.2 


IFO 3265 


44.9 


26.1 


IFO 3267 


58.6 


58.0 


IFO 3270 


59.3 


28.3 


IFO 12258 


27.9 


9.6 


IFO 12388 


25.0 


18.9 


IFO 3288 


32.6 


35.2 




2.1 


1.7 



Example 2 



the ~ ^l tUreS ° f ° IUCO " 0 ^ cter ^boxydans IFO 3255 and the strain DSM No. 4025 were prepared in 
the same manner as descnbed in the method 1 in Example 1. The cell concentrations of the seed cultures 
of Gluconobacter suboxydans IFO 3255 and the strain DSM No. 4025 were 3.7 x 10'° cells/ml and 5 4 x1? 
cells/ml, respectively. The each resulting seed cu.ture was inoculated into 50 ml of PM in 500 ml of 
45 Erlenmeyer flask at tota. inoculum size of 10 % (v/v), where the inoculum ratio <% wV) bet^Un 
Gluconobacter suboxydans IFO 3255 and the strain DSM No 4025 was Zted- 
0:10.1 9.2:8 3:7,4:6,5:5.6:4,7:3.8:2.9:1 and 10:0. The f.asks were incubated at 3o" C for 4 days "he results 

froSTwas beltTr th ::r?r ratio of the strain dsm no ^ ^ <*°°^£^ 

InH S « T, T „ ! 4:6 ' 2 - ket °- L -9"'onic acid was produced over the range of between 63 9 g/l 
50 acid accumu laZ ' S ° rbit °' (C ° nVerSi ° n ^ : 74 9 t0 781 m °' %) without an * 2-keto-D-g.uco nlc 



55 
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Table 2 



10 



15 



20 



Inoculum ratio of The microorganism (A) 1 : 


Amount produced (g/L) of 


The microorganism (B) 2 


2-KGA 3 


2-KD 4 


L-Sorbose 


10:0 


0 


0 


73.7 


9:1 


63.9 


0 


0 


8:2 


66.6 


0 


0 


7:3 


65.9 


0 


0 


6:4 


64.5 


0 


0 


5:5 


59.2 


2.2 


0 




63.1 


1.6 


0 


3:7 


18.9 


18.9 


0 


2:8 


6.7 


18.3 


0 


1:9 


5.2 


19.1 


0 


0:10 


1.1 


8.4 


0 


Remarks: 








1. Gluconobacter suboxydans IFO 3255 








2. The strain DSM No. 4025 








3. 2-Keto-L-gulonic acid 








4. 2-Keto-D-gluconic acid 









25 



Example 3 
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35 



Gluconobacter suboxydans IFO 3255 and Gluconobacter gluconicus IFO 3285 were used as the 
microorganism (A), and the strain DSM No. 4025 was used as the microorganism (B). An individual seed 
culture (200 ml) was prepared in a similar manner as the method 2 described in Example 1. The individual 
seed culture (200 ml) was inoculated into a 3-L fermenter containing about 1.7 L of the fermentation 
medium: D-sorbitol 8 %, 10 %. or 12 %, yeast extract 0.5 %, corn stsep liquor 2.5 %, MgSO* ? 7H 2 0 
0.0086 %, urea 0.086 % (sterilized separately), KH 2 PO*0.086 % and antifoam 0.15 %, sterilized at 121 # C 
for 20 minutes. After the inoculation, the culture volume was adjusted to 2 L by the addition of sterilized 
water. The fermentation was carried out at 30 °C, 700 rpm for agitation and 1 l/min for aeration. The pH of 
the culture was maintained at 7.0 with 4N-Na2C0 3 . The results are shown in Table 3. 



Table 3 



40 



Microorganism (A) 


Initial D-sorbitol 


Amount produced (g/L) of 




concentration (%) 












2-KGA 1 


2-KD 2 


L-Sorbose 


Gluconobacter suboxydans IFO 3255 


8 


65.3 


0 


0 




10 


77.1 


0 


0 




12 


81.3 


0 


11.6 


Gluconobacter gluconicus IFO 3285 


8 


66.4 


0 


0 




10 


62.8 


0 


0 




12 


61.5 


1.8 


29.6 


Remarks: 










1. 2-Keto-L-gulonic acid 










2.2-Keto-D-gluconic acid 
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15 



G--^ (-0 mI) of the mjxture Qf 

con arning 8 % D-sorbitol in the fermentation mtSn and the w °f T in ° CU ' ated int0 3 " L fe ™^r 
sten.,zed water. The . fermentation was started unZ the sa l ^- V °' Ume W3S adjusted to 2 L with 
Separately, a 500 ml medium bottle charged with 300 nLuZ* T* 35 d6SCribed in E *™P>° 3. 
yeas extract, 50 g of com steep .iquor. 0 i 172 g of KH 5 PO 1 Z ^ " 2 ° 9 ° f D - sorbito| . ™ g of 
of ant.foam, was prepared. During The fermentation thf»h T 9 ° f (Steri "' 2ed separately) and 2 5 a 
fermenter at the rate of 15 m,/hr le tweenTe SnStion fT- f ^ mediUm Was Sinuously fed to the 
of 18 hours and 21 hours and 4.3 ml.hr betwUnlat o 21 hZ J of" 18 h ° UrS - 60 m,/hr ««^« that 
As a resu , 224 g of 2-keto-L-gu.onic acid wa product I from 27B " fn""? by US '' n9 8 peristaltic P""P- 
76.1 mol % in 51 hours fermentation. P™uced from 276 g of D-sorbitol at the conversion yield of 



Example 5 
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25 



30 



35 



40 



45 



One loopful of Gluconobacter suboxydans IFO 
containing 100 ml of SCM and incubated ItTo-c forT^^ 00 ^ mt ° 500 ml Erlenmeyer flask 
Referred into 500 ml Er.enmeyer flas k containing ,00 ml oTsCM J^' ^ ™ 

total, 1.5 L of the seed culture of Gluconobacter 1** h f~ " d ,ncubated at 30 -C for one day In 
one ,oo P fu, of the strain DSM No. t^ Z^^ltff °" th ° <*^2nd 

he seed culture medium : L-sorbose 8 % glycerol OosT n 5 r,enme y er f| ask containing 100 ml of 

/o ( P H 7.0 before sterilization) and incubated at 30'C To one " CaC ° 3 15 % and anti,oam 0.1 

the culture thus prepared was inoculated into the 100 ml of tht L ' ^ Shaker 080 rpm > A 10 ™< of 
one day at 30'C. In total, 1.5 L of the seed culLe nfl TJ medium as above and 'abated for 

/o, KH 2 PCX 0.025 % and antifoam 0.17 % were added tnH^ T f P hqUOr 05 % " M 9 S0 * * ™*0 0.01 
seed cultures (1.5 L each, were inoculated ZZ^sW ^T ? 121 ' C ,or 30 Both of the 

he add.t.on of sterilized water. The fermenS was c a'r 2 o f ^V 0 '"™ Was adjusted to 3° *- by 
Wn.n for aeration. The pH of the culture wa mSaS at 70 4 °° rPm f0r a ° ita «™ a " d ^ 

medwm bottle was charged with 4 L of a fe^t^ ! 0 w,th 625 N -NaOH. Separately a 5-L 

steep liguor, l.29g of MgU • 7h1 £. 7 s'J t ^Pofand 5^ 001 ^* ™ 

mmutes. After 12 hours cultivation the fePdinn Zl* 9 ant,foam was sterilized at 120 • C for 20 

222 mar for 18 hours by usin °a ^J^ZTZ^LT^ " to - *• r te of 

conta.n ( n 9 93.5 g/L of 2-keto-L-gulonic acid waJob^ne, M %T CUlt r ti0n> 36 " 8 L of fe ^entation broth 
were produced from 4,200 g of D - S orbito, with Z^Ts^ij " M ^ •* 

Example 6 

preapitates were collected by filtration wShed l h a s^n St3nd aM °' C ,0r one da ^ Resulting 

room temperature under reduced pr^.^^iH7 2 " % ~ W ^ ^ ^ °^ * 
monohydrate were obtained with the purity of 9914% « L f1 9 T monosodium 2-keto-L-gulonic acid 
under reduced pressure to about 400^1,^0^ ty aS^oZ^ ^ "'^ W3S c — ntrated 

24 hours. As a result, 71.9 g of monosodium 2 kLn . , ethanol> allowed t0 s ^ at 10' C for 

obtained as the second crop. monosod,um 2-keto-L-gulomc acid monohydrate (purity: 85.04 %, were 



50 Example 7 



55 



anc Pas t S h ed Amberlite .R-120(H-type)(Rohm 

methanol and 0.5 ml of 98 % sulfuric acid were a^ L I dned material < about 5 « 9), 400 ml of 
methane, was removed and the J^Z^^^S^ ^ heated at ^"C for 2 ho rs 
dned residue was then suspended into 150 m, of lTh a no | Z r^n °? methan °' and dried U P- Tb « 
under hea.mg. Resu.ting crystals after coolinq W e r J ♦ !, , Xed W ' th 10 9 0f sodium ^ethylate 

result, 35.1 g of sodium L-ascorbic acid were obSd M reduced ^ s ™°- As a 
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Example 8 

One loopful of Gluconobacter suboxydans IFO 3291 was inoculated into a 500 ,ml Erlenmeyer flask 
containing 100 ml of SCM and incubated at 30 *C for 18 hours. On the other hand, one loopfui of the strain 
5 DSM No. 4025 was inoculated into a 500 ml Erlenmeyer flask containing 100 ml of the seed culture 
medium as described in Example 5 and inocubated at 30 °C for 22 hours. The 10 ml of the culture thus 
prepared were inoculated into a 500 ml Erlenmeyer flask containing 100 ml of the same medium as above 
and incubated for 18 hours at 30* C. ' 

Into a 3-L fermenter, 1.6 liters of the fermentation medium containing. 160 g of D-sorbitol, 10 g of corn 
w steep liquor, 0.2 g of MgSO^n-feO, 0.5 g of KH 2 PO* and 2 g of antifoam were added and sterilized at 
121 *C for 30 minutes. 

Both of the seed cultures (100 ml each) as prepared above were inoculated simultaneously, and the 
total culture volume was adjusted to 2 liters by the addition of sterilized water. Separately, a 500 ml medium 
bottle was charged with 300 ml of feeding medium containing 180 g of D-sorbitol, 10 g of corn steep liquor, 

;5 0.086 g of MgSO**7H 2 O t 0.215 g of KH 2 PO* and .1 g of antifoam was sterilized at 121 °C for 30 minutes. 
The fermentation was conducted with an aeration rate of 1.0 L/minute and the pH of the medium adjusted at 
7.0 by using NaOH. The other fermentation parameters are given in Table 4. After 6.5 hours of cultivation, 
the feeding medium was continuously fed to the fermentor at the rate of 30 ml/hour for 10 hours by using a 
peristaltic pump. As shown in Table 4, 322.7 g of 2-keto-L-gulonic acid in total was produced from 340 g of 

20 D-sorbitol used with the molar conversion yield of 89.0 %, when the fermentation was conducted at 28 *C 
with an agitation speed of 800 rpm. 

Table 4 



25 


Fermentation conditions 


2-keto-L-gulonic acid Molar conversion produced (g) yield (mol %) 




Temperature (*C) 


Agitation (rpm) 








28 


800 


322.7 


89.0 


30 


30 


700 


307.6 


84.9 




Remark: 










340 g of D-sorbitol was used in total. 





Additional deposits under the Budapest treaty were effected as per March 30, 1992 concerning 
particular strains and mixtures of strains respectively as made use of in the Examples as follows: 



A Single culture 


New Deposit No. 


strain DSM No. 4025 


FERM BP-3812 



B Mixed microorganism cultures 


Deposit No. 


strain DSM No. 4025+ Gluconobacter suboxydans IFO 3256 
strain DSM No. 4025+ Gluconobacter suboxydans IFO 3291 
strain DSM No.4025+ Gluconobacter suboxydans IFO 3255 


FERM BP-3815 
FERM BP-3813 
FERM BP-3814 
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Claims 

1. A process for producing 2-keto-L-gulonic acid or a salt thereof, which comprises cultivating a mixed 
culture of a microorganism (A) capable of producing L-sorbose from D-sorbitol which belongs to the 
55 genus Gluconobacter or Acetobacter, and a microorganism (B) capable of producing 2-keto-L-gulonic 
acid from L-sorbose, and having the identifying characteristics of the strain DSM No. 4025. a functional 
equivalent, subculture, mutant or variant thereof in a medium containing D-sorbitol, whereby mixed 
culturing is conducted, wherein both of said microorganisms are coexisting in the medium during at 
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..as, m o, rb e „, r9 cu ,„ va „ on ^ ^ recovertng |he m<j ^ a sait ^ 

3luc.„»bac,er rubies Q^SSSai IS^ST °'"»n,b,«., gtaLus 

»<^*^o,A<»M^, TO 8 5u ^,^; il ™* e " ! ' Acs, ° bs,c » r «»« aunap. Orleans. ACob.e.e, 

of prodpcinp S-teto-L^lonic a°id bZ^T.^T ^ M ' mto °»fl">'sm (B) capable 

- strain PSK, Ne. « 25 , . , uncli0 „„ « ft. 
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